Introduction: Diaphragmatic rupture is rarely a cause of death by itself. It is especially difficult to diagnose diaphragmatic ruptures in patients with unstable vital signs who present at the emergency service with concurrent chest, abdomen, and extremity injuries as a result of blunt trauma. We evaluated the diagnostic processes, clinical findings and treatment results of acute and delayed traumatic diaphragmatic ruptures (TDR) cases that presented at the emergency service. Methods: A total of 29 patients that underwent surgical treatment with a diagnosis of TDR among 1021 patients that presented at the Canakkale State Hospital Emergency Service with acute or delayed thoracoabdominal trauma were retrospectively investigated. The age, gender, trauma etiology, diagnosis duration, injury severity score (ISS), rupture location, accompanying organ injuries, operation type, inpatient duration, morbidity and mortality were recorded on prepared forms to analyse the cases. Results: The mean age of the 29 patients with TDR was 45.3117.76 years with and 20 (69%) males and 9 (31%) females. The trauma was blunt in 22 (76%) and penetrating in 7 (24%) cases. The TDR was acute in 16 (55%) and delayed in 13 (45%) patients. The surgery for TDR treatment consisted of with thoracotomy in 16 (55%) patients, laparotomy in 11 (38%) patients and both thoracotomy and laparotomy in 2 (7%) cases. Mortality occurred in 3 (10%) patients that presented at the acute stage.
Introduction
Injury of the diaphragm, one of the most important respiratory muscles, leads to respiratory failure due to atelectasis and mediastinal shift as a result of intraperitoneal organs herniating to the thoracic cavity. 1 Traumatic diaphragmatic ruptures (TDR) are organ injuries occurring as a result of thoracoabdominal injuries and are usually difficult to diagnose. It is especially difficult to diagnose diaphragmatic ruptures in patients with unstable vital signs who present at the emergency service with concurrent chest, abdomen, and extremity injuries as a result of blunt trauma. 1 An attempt can be made to diagnose this organ injury using the symptoms, physical examination and radiological investigations in cases presenting at the emergency service in the acute stage while the clinical picture varies in the chronic stage. Missing the history of thoracoabdominal trauma during the anamnesis may end in mortality. 2 Treatment of diaphragmatic ruptures is surgical once the diagnosis is made and the type of surgery varies according to the developmental period. Laparotomy is preferred for acute TDR treatment due to the accompanying organ injuries while thoracotomy is more suitable for the intrathoracic adhesions that develop with late TDR. 3, 4 The aim of this study was to evaluate the diagnostic processes, clinical findings and treatment results of acute and delayed TDR cases that presented at the emergency service.
Methods
A total of 29 patients that under went surgical treatment with a diagnosis of TDR among 1021 patients that presented at the Canakkale State Hospital Emergency Service with acute or delayed thoracoabdominal trauma were retrospectively investigated. The information about the patients was collected from the emergency service records, operation room registries, and general surgery and thoracic surgery surgical registries.
The age, gender, trauma aetiology, diagnosis duration, inju r y severity s core ( ISS), r upture locat ion, accompanying organ injuries, operation type, inpatient duration, morbidity and mortality were recorded on prepared forms to analyse the cases.
All cases were evaluated at the emergency service. The patients with stable vital findings were diagnosed by chest X-ray or thoracic computed tomography. The radiology specialist evaluated the results of these imaging methods. The cases with acute TDR were consulted to thoracic surgery, orthopedic surgery and neurosurgery specialists according to the severity and the additional organ injuries. Cases with delayed TDR were consulted to general surgery and thoracic surgery specialists. Diagnostic procedures were performed in cases with unstable vital signs after therapeutic procedures such as administering intravenous fluid or blood transfusion, intubation, vasopressor drug treatment, and chest tube insertion. The patients that underwent emergency surgery due to an organ injury were diagnosed during the surgery. The diaphragm was repaired with an intermittent suture technique by using No. 1 intermittent matrix non-absorbable sutures. A non-absorbable polypropylene graft was used in cases with a large defect that could not be fixed primarily. The intubation was discontinued postoperatively in patients whose vital signs were stable and did not need assisted respiration and they were transferred to the diagnosis in delayed TDR cases was calculated as 5.17.8 years (1-30 years). The aetiology involved a traffic accident in 8 (62%), falling from a height in 4 (31%) and a stab injury in 1 (7%).
Among acute phase cases, 8 (50%) were on the left and 8 (50%) on the right. The distribution of the delayed phase cases was 10 (77%) on the left and 3 (23%) on the right. The diagnosis was made during laparotomy in 6 (20%) acute phase cases. We could not do any diagnostic investigations to these six department. However, patients with weak respiration and unstable vital signs were taken to the intensive care unit and connected to a ventilator.
All data were entered in the computer and the statistical analyses were performed with SPSS 16.0 for Windows. We first calculated the distribution of the data undergoing statistical analysis. The statistical analyses were performed using parametric tests for data consistent with a normal distribution and nonparametric tests for other data. In comparison of two independent groups, the "unpaired t test" was used as a parametric test and the "Mann-Whitney U test" as a non-parametric test. The values used in non-parametric statistics were given as medians. A p-value <0.05 was accepted as significant.
Results
The mean age of the 29 patients with TDR was 45.3117.76 years with 20 (69%) males and 9 (31%) females. The trauma was blunt in 22 (76%) and penetrating in 7 (24%) cases. The TDR was acute in 16 (55%) and delayed in 13 (45%) patients (Table 1) . Among cases diagnosed with acute TDR, 10 (62%) presented at the emergency service due to a traffic accident, 3 (19%) with a stab injury, 2 (13%) with a firearm injury and one (6%) due to falling from a height. The mean duration between the trauma and patients before laparotomy because of severe organ injury. The diagnostic method was a chest X-ray in 11 (38%) and thoracic computed tomography in 12 (42%) of the remaining 23 patients (Figure 1 ).
The cases who needed thoracotomy were treated by the same thoracic surgeon, those who needed laparotomy by the same general surgeon and those who needed both thoracotomy and laparotomy by surgery where both surgeons participated. The surgery for TDR treatment consisted of with thoracotomy in 16 (55%) patients, laparotomy in 11 (38%) patients and both thoracotomy and laparotomy in 2 (7%) cases. The diaphragmatic defect was too large to be repaired and the TDR was repaired using a polypropylene graft in 2 (7%) cases. The TDR was primarily repaired with No. 1 non-absorbable suture material and a matrix suture technique in all the remaining cases.
Lung injury (haemopneumothorax), seen in 12 (75%) patients, was the most commonly detected additional organ injury in cases presenting at the acute phase. In addition, abdominal injury (liver and spleen laceration) was present in 10 (63%) cases, bone injury (femur and rib fracture) 3 (19%) cases and cerebral injury (brain contusion) in 2 (13%) cases.
Of the cases presenting at the delayed phase, 6 (46%) came with shor tness of breath, 3 (24%) with constipation, 2 (15%) with indigestion and 2 (15%) with gastric pain symptoms to the emergency service.
The mean duration of hospital stay was found to be 10.315.23 days. 
Discussion
Diaphragmatic injuries were first defined as gastric herniation following penetrating trauma in 1541 by Sennertus. 5 Riolfi reported that the first posttraumatic surgical diaphragm repair in 1886. 6 The surgical treatment techniques changed a little over the years but returning the organs to their normal anatomic positions and repairing the diaphragm became the most important aim of the treatment. TDR developing after thoracoabdominal injuries appears in 3 phases as acute, latent and obstructive. 7 The emergency department physician is usually confronted with acute and obstructive phase cases. There may be findings such as abdominal pain, other organ injuries (pelvis, head, haemopneumothorax), haemodynamic instability, and respiratory distress in the acute phase. The obstructive phase develops in month or years as a result of the obstruction of herniated organs and the patients present to the emergency service physician with symptoms such as nausea, vomiting, intestinal obstruction or ischaemia, atelectasis and pneumonia, and mediastinal shift. Respiratory distress was observed as the most common symptom that brought the patient to the emergency department in delayed TDR cases in our series. The symptoms that led to presentation at the emergency service in the chronic stage in our other cases were mostly related to the gastrointestinal tract. The emergency service physician should suspect TDR in patients who have thoracoabdominal trauma and who have dyspnoea and gastrointestinal symptoms.
Diaphragmatic ruptures are more common on the left side are an incidence of 1.7% after blunt traumas and 10-15% after penetrating trauma has been reported. 8 The more common occurrence on the left is explained with the protective effect of the liver, the right hemidiaphragm being anatomically more solid, and the diagnosis of a right diaphragmatic rupture being more difficult. 1, 9 We found TDR on the left in 18 (62%) of our cases and this was consistent with the literature.
Diaphragmatic rupture is rarely a cause of death by itself. 1 Mortality is usually a result of additional organ injuries in the acute phase due to hypovolaemic shock and acute respiratory failure, and the incidence varies between 1 to 50% according to various series. 10, 11 This rate is reported as 15-40% in blunt traumas, and 10-30% in penetrating traumas. 12 Our mortality rate was 10% with 3 cases in total. Additional organ injuries such as rupture of the spleen, lung or cerebral contusion and liver laceration accompanied the TDR in the acute cases. The causes of death in our cases were hypovolaemic shock and acute respiratory failure and this was consistent with the literature. Our mortality rate was 9% in blunt trauma and 14% in penetrating trauma, again consistent with the literature. The high ISS is also one of the important factors determining mortality. 1, 13 The ISS of the cases with mortality in our series was statistically significantly higher than those without mortality. The emergency service physician should keep in mind that patients who have penetrating trauma and who have high ISS may have high mortality rate.
As our study also shows, TDR is not directly a cause of mortality by itself. However, mortality can be seen in the presence of additional organ injuries. Patients with additional organ injuries that are not diagnosed can live for years with symptoms such as shortness of breath, dyspepsia and constipation. It is wrong to make reach the conclusion that not to the condition is acceptable. The mean duration until the patients with delayed TDR returned was 5.17.8 years (1-30 years) in our series. These cases went to their physician mult ip le t imes wit h s h or t nes s o f b rea th an d gastrointestinal symptoms and maybe received unnecessary medical treatment. The delayed diagnosis causes the cases to lose the opportunity to be operated under elective conditions, and the advanced age and emergency surgery risks are added to the operation risk. For example, we have a case who presented at the emergency service with a diagnosis of shortness of breath at age of 61 after 30 years. If the follow-up and the diagnosis had been made earlier, the patient would not have the risk associated with advanced age and would not have gone to a physician several times with symptoms such as indigestion and shortness of breath and received medical treatment.
TDR with acute trauma could be missed again when presenting at the emergency service in the obstructive phase. The emergency ser vice physician should keep in mind that patients who have suffered thoracoabdominal traumatic history in the past and who especially have shortness of breath and gastrointestinal symptoms such as indigestion and constipation may have TDR. An advanced investigation (computed tomography) should be performed and surgical (thoracic surgery and general surgery) specialists should be consulted to make the diagnosis. 14 We found diaphragmatic rupture in 3% of the 1021 cases that presented at our emergency department due to thoracoabdominal injuries. This is not a percentage that can be overlooked. It is important to first suspect diaphragmatic rupture and then perform further evaluation with chest X-ray, and if necessary with CT. In the acute phase, abdominal pain, respiratory distress, bowel sounds heard in the thoracic cavity, chest X-ray abnormalities (diaphragmatic integrity disturbance, thoracic air-fluid level or gastric or intestinal air in the thorax) will help the emergency service physician to diagnose the diaphragmatic rupture. In the obstructive phase, findings such as nausea, vomiting, intestinal obstruction, ischaemia or haemorrhage, atelectasis and chronic respiratory distress related to pneumonia, mediastinal shift, Borchardt's triad (upper abdominal pain, distention, nasogastric tube not advancing), and bowel sounds in the chest cavity will help the emergency service physician to consider diaphragmatic rupture. The most important issue for the emergency service physician is to consider diaphragmatic rupture in cases that present with thoracoabdominal trauma and make a follow up plan for the patient. Doing this follow-up with periodic chest X-rays (monthly) and with CT in case of doubt is sufficient. In cases with a possible diagnosis of TDR as a result of the physical examination and radiological imaging, thoracic surgery and general surgery consultations should then be performed so that the patient can be given a chance of treatment in the early period.
Conclusion
Patients suffering from thoracoabdominal trauma should be informed of the probability, although low, of rupture of the diaphragm. These patients should be followed up and it should be emphasized that they should absolutely tell this trauma history to the physician who examines them when they present at the emergency service. Such follow up and warnings will make a significant contribution both to protection of the patient from potentially fatal complications and to helping the emergency service physician's patient management.
